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Abstract 
Direct computation method (DCM) and hardware circuit-realized adaptive method (HCAM) are two typical detection 
methods for harmonic and reactive currents. DCM has a high detection precision, whereas HCAM primarily uses 
adaptive noise-canceling technology for detection, so it is intrinsically adaptive. In order to determine whose 
detection performance is better especially in actual applications, simulation comparisons are conducted. The results 
indicate that the detection precision and dynamic performance of DCM are better than those of HCAM under ideal 
conditions. The detection precision of DCM is better than that of HCAM when the power supply frequency 
fluctuates, and the power supply voltage has no distortion. On the contrary, the detection precision of DCM is lower 
than that of HCAM when the power supply frequency has no fluctuation, and the power supply voltage distorts. The 
detection precision of DCM is lower than that of HCAM in actual applications. 
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1. Introduction 
The widespread use of power electronic appliances in power systems has caused an alarming increase 
in harmonic pollution. To address this, the use of active power filters (APFs) has been considered as an 
effective solution for compensating for the harmonics generated. Furthermore, the performance of APFs 
is substantially influenced by the detection methods for harmonic current which they use [1]–[3]. 
Akagi et al. proposed the instantaneous reactive power theory (IRPT) (i.e., p–q theory) in 1983. Since 
then, IRPT has been continuously developed and refined. At present, IRPT-based methods for three-phase 
APF are regarded as relatively mature methods [1], [3]. However, they require a complex circuitry to 
realize the transformation. For example, four to six high-precision analog multipliers are used in each 
phase. This makes the circuit sensitive to component parameter variations [1], [4]. For the single-phase 
APF, there is no mature method available. Currently, many detection methods for the harmonic current 
[1]–[3], [4]–[6] have already been proposed. Each method has its own strengths, but they still involve 
certain limitations that are difficult to overcome [2], [3]. 
Among these methods, direct computation method (DCM) [3] and hardware circuit-realized adaptive 
method (HCAM) [5] are two typical detection methods for the harmonic and reactive currents of the 
single-phase APF. DCM [3] is a digitalized open-loop detection method. It uses a formula to compute 
directly, and it has a small computation quantity and high detection precision, among others. HCAM [5] 
is a closed-loop detection method. It primarily uses adaptive noise-canceling technology as its detection 
principle, so it has a strong adaptive capability. Does DCM have a strong adaptive capability? Does 
HCAM have a high detection precision? In actual applications, the power supply frequency (fixed at 50 
Hz) always fluctuates, and the power supply voltage often distorts. Therefore, which method has better 
detection precision when the power supply frequency fluctuates, and the power supply voltage distorts? 
To address these questions, simulation comparisons between DCM and HCAM are conducted in this 
paper.  
2. DCM and HCAM 
2.1. DCM 
Using the detection principle “The integral in a cycle for the absolute value of a load current 
subtracting its fundamental active current is the least when the load current is a periodic current,” DCM is 
proposed in [3]. 
Assuming that the N sampling (periodic sampling, the sampling cycle is T/N) values of a load current 
iL(t) in a cycle T are iL(1), iL(2), … , iL(N), the corresponding N sinusoidal values, which have the same 
frequency and phase with the power supply voltage us(t) and whose amplitude is 1 V, are sinωt(1), 
sinωt(2), … , sinωt(N). The amplitude of the fundamental active current at the moment of sampling iL(N)
is then 
         （1）
The amplitude of the fundamental active current at the moment of sampling iL(N), the Ip can be 
computed using (1). At the moment of sampling iL(N), the fundamental active current is Ipsinωt(N), and 
the sum of the harmonic and reactive currents is iL(N)–Ipsinωt(N). 
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2.2. HCAM 
Using adaptive noise-canceling technology as the detection principle, HCAM was proposed in [5]. The 
detection circuit of HCAM is shown in Fig. 1, where us(t) is the power supply voltage, iL(t) is the 
nonlinear load current, and ic(t) is the system output. 
The operation principle of HCAM is as follows: ic(t) is 
multiplied with us(t) through multiplier M1 to obtain us(t)ic(t). 
us(t)ic(t) is summed up by integrator I1 to produce W(t), and 
W(t) is again multiplied with us(t) through multiplier M2 to
obtain ip(t), which is in phase with us(t) [when W(t) is 
positive] or reversed in phase with us(t) [when W(t) is
negative] and ip(t) is eliminated. When W(t) is a constant, the 
system reaches a steady-detecting state, and the interference component in iL(t), which is in phase with 
us(t) or reversed in phase with us(t), is completely eliminated. In addition, when the amplitude of us(t) is 1 
V, W(t) is the amplitude of the fundamental active current of iL(t). 
In HCAM, the integral gain of integrator I1 G has a large influence on the detection performance of 
HCAM: the smaller the G, the better the detection precision of HCAM and the longer the dynamic 
response time of HCAM, and vice versa. Therefore, G should be chosen appropriately. 
Fig. 1.  Detection circuit of HCAM. 
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3. Simulation comparisons 
The MATLAB simulation model of DCM was built in [7], and that of HCAM was built in [8]. Based 
on these MATLAB simulation models, the MATLAB simulation model for comparing the detection 
performance between DCM and HCAM can be 
easily built, so simulation comparisons between 
DCM and HCAM can be conducted expediently.  
During simulations, the integral gain of HCAM 
G is 200, which is an appropriate value. The 
simulation results are shown in Figs. 2 to 6, 
where, es is the power supply voltage whose 
amplitude is 1 V, iL is the nonlinear load current, 
and ic is the theoretical sum of the harmonic and 
reactive currents of iL. Furthermore, Ip1, ip1, ic1,
and ierr1 (ic1–ic) detected by DCM; and Ip2, ip2, ic2,
and ierr2 (ic2–ic) detected by HCAM are the 
amplitude of the fundamental active current, the 
fundamental active current, the sum of the 
harmonic and reactive currents, and the error, 
respectively.
Under ideal conditions (when the power supply 
frequency has no fluctuation, and the power 
supply voltage has no distortion), the simulation 
results when the load current takes a step change 
is shown in Fig. 2. From Fig. 2, when DCM and 
HCAM operate in the steady-detecting state (see 
0–20 and 30–80 ms of ierr1, and 0–20 and 50–80 
ms of ierr2), the detection precision of DCM (ierr1 is
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Fig. 2.  Simulation results when the load current 
takes a step change under ideal conditions.
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equal to 0) is better than that of HCAM (ierr2 is not equal to 0 clearly). When iL takes a step change (at 20 
ms moment), DCM and HCAM operate at the dynamically adjusting detecting state. When they do so 
(see 20–30 ms of ierr1 and 20–50 ms of ierr2), the Ip1 computed by DCM can track smoothly the theoretical 
amplitude of the fundamental active current, the dynamic response time of DCM is 0.5 cycle, and that of 
HCAM is about 1.5 cycles. Therefore, the tracking speed of DCM is faster than that of HCAM. 
Accordingly, the dynamic performance of DCM is better than that of HCAM. 
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Fig. 4.  Simulation results when the power supply frequency 
has no fluctuation, and the power supply voltage distorts. 
3.  Simulation results when the power supply freque
is 52 Hz, and the power supply voltage has no distortion. 
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Fig. 5.  Simulation results when the power supply frequency 
is 52 Hz, and the power supply voltage distorts. Fig. 6.  Simulation results when the power supply frequency is 48 Hz, and the power supply voltage distorts. 
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The simulation results when the power supply frequency is 52, and the power supply voltage has no 
distortion are shown in Fig. 3. From Fig. 3, the maximum of |ierr1| is less than that of |ierr2|. Therefore, 
when the power supply frequency fluctuates, and the power supply voltage has no distortion, the detection 
precision of DCM is better than that of HCAM. 
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The simulation results when the power supply frequency has no fluctuation, and the power supply 
voltage distorts are shown in Fig. 4. From t in Fig. 4, the maximum of |ierr1| is higher than that of |ierr2|. 
Therefore, when the power supply frequency has no fluctuation, and the power supply voltage distorts, 
the detection precision of DCM is lower than that of HCAM. 
The simulation results in actual applications (when the power supply frequency fluctuates, and the 
power supply voltage distorts) are shown in Figs. 5 and 6, in which the simulation results when the power 
supply frequency is 52 and 48 Hz are shown in Figs. 5 and 6, respectively. From Figs. 5 and 6, the 
maximum of |ierr1| is higher than that of |ierr2|. Therefore, in actual applications (when the power supply 
frequency fluctuates, and the power supply voltage distorts), the detection precision of DCM is lower than 
that of HCAM.
4. Conclusions 
1) Under ideal conditions (when the power supply frequency has no fluctuation, and the power supply 
voltage has no distortion), the detection precision of DCM is better than that of HCAM, and the dynamic 
performance of DCM is better than that of HCAM. 
2) When the power supply frequency fluctuates, and the power supply voltage has no distortion, the 
detection precision of DCM is better than that of HCAM. 
3) When the power supply frequency has no fluctuation, and the power supply voltage distorts, the 
detection precision of DCM is lower than that of HCAM. 
4) In actual applications (when the power supply frequency fluctuates, and the power supply voltage 
distorts), the detection precision of DCM is lower than that of HCAM. 
Under ideal conditions, the detection precision of DCM is better than that of HCAM. However, in 
actual applications, the detection precision of DCM is lower than that of HCAM. As a result, in actual 
applications, HCAM has a stronger adaptive capability compared with DCM. 
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